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MODERN NAVAL ARCHITECTURE 

A Manual of Naval Architecture. For the Use of 

Officers of the Royal Navy, Officers of the Mercantile 

Marine, Shipbuilders, and Shipowners. By W. H. 

White, Assistant Constructor, Royal Navy, &c. 

(London: John Murray, 1877.) 

O one acquainted with our own and foreign navies 
can doubt that at the time of the establishment of 
the Royal Naval College at Greenwich Great Britain had 
been falling very much astern of other countries in the 
professional education of its naval officers. In the days 
when ships were all pretty much alike, and differed 
chiefly in forms and proportions, the greater progress of 
other navies in technical science was, perhaps, of no 
great moment; but in days like the present, when the sea 
teems with experimental ships flying the royal and 
mercantile flags of this country, the neglect of known 
principles, or the failure to discover others, may have the 
worst results. It was for this reason, among others, that 
the writer of these remarks long since joined those who 
pressed for the establishment of a Naval College worthy 
of the country and of the time, and it was doubtless for 
this reason also that the Government of the day—and 
more especially Mr. Goschen, then First Lord of the 
Admiralty—founded the great Naval Institution which 
now flourishes at Greenwich. It is there that Mr. White, 
the author of the work before us, has been engaged in 
expounding naval architecture to naval officers and other 
students, and it was in the performance of that important 
duty that he felt the need of such a work pressed upon 
him. 

Mr. White is himself, in no small degree, the product 
of previous acts of wisdom on the part of Boards of 
Admiralty; and as those Boards very often come under 
just censure for their errors and omissions, it is a pleasure 
to be able sometimes to record their wise and enlightened 
doings. Mr. White was a distinguished student (and 
afterwards a Fellow) of that Royal School of Naval 
Architecture at South Kensington which Lord Hampton 
took so much pains in promoting, and which the Ad¬ 
miralty founded; having been elected to a studentship at 
a competitive examination in a Royal Dockyard School, 
where he had previously undergone a good and extensive 
grounding in elementary, and indeed in more than 
elementary, science. It is gratifying to know that Mr. 
WTiite, like all the naval architects of . high position at 
present in the Admiralty, thus represents a successful 
system of Government training, commencing in the 
Royal Dockyard Schools, and advancing through higher- 
class royal schools, to the most eminent spheres of 
professional influence. 

The object of the present work is to supply to naval 
officers, and to such others as lhay need or desire it, a 
statement of the general principles which underlie the 
profession and practice of] the naval architect. With¬ 
out some clear and definite knowledge of these 
principles it is not possible for naval officers to apply 
modern vessels to their designed services with skill and 
success. The loss of the Captain and the foundering of 
Yot.. xvin.—No. 449 


the Vanguard afforded dramatic examples of the class of 
disasters which may be expected to result and must 
result from the imperfect handling of modern vessels; 
and if all the facts of the case could be known, the loss 
of the Eurydice would probably be brought more or less 
within the same category. In the case of the Captain 
notwithstanding the grievous well-known defects of her 
design, the laws which regulate a ship’s stability and 
power to carry canvas if known to and applied by those 
in command of her, would have suggested the paramount 
necessity of shortening sail in the wind which capsized 
her; and the evidence taken after the sinking of the Van¬ 
guard points clearly to the fact that the prompt closing 
of certain water-tight doors, and other like measures 
would, in all probability, have saved the ship, or at least 
have given her ample time for reaching shallow water. 
As regards the Eurydice it is well-known that she was an 
experimental vessel, designed by a naval officer many 
years ago, and that some not very usual features tending 
to reduction of stability entered into her form. It is 
obvious that in all such cases—and indeed in the cases of 
all ships—a knowledge of the principles which enter into 
their construction and use should, as far as possible, be 
communicated to those upon whom is placed the respon¬ 
sibility of employing them under all the varying con¬ 
ditions of sea-service; and this not merely for the 
purpose of secu '.ng their safety, but also with a view to 
their efficient and economical employment. Only the 
few persons who have had special opportunities of 
observing the facts can imagine the extent to which 
the performances of ships in steaming, in sailing, and 
in other operations, depend upon the knowledge 
and skill of those who command and work them. 
It is not too much to say that, as regards vessels which 
in the main resemble each other, the differences in the 
officers who command them usually obliterate altogether 
the distinctive qualities of the vessels themselves, and 
the relative skill of their designers. To the readers o 
Nature it is doubtless needless to dwell upon the de¬ 
sirability of the naval officer, whether of the royal or the 
mercantile marine, possessing the knowledge of ships, 
and of naval principles, which Mr. White’s work is 
designed to convey. 

In composing this work the author has shown himself 
most judicious in determining the limit beyond which it 
would not be well to carry theoretical investigation in 
addressing naval officers. In each of those chapters in 
which a temptation to over-indulgence in this respect 
would most be felt by a man highly trained in the theory 
of naval architecture, the self-restraint of the author is 
obvious, and deserves all praise. The book is readable 
throughout by all naval officers who have availed them¬ 
selves with energy and spirit of the educational advan¬ 
tages which the royal navy now affords to every officer, 
and it presents to them, for the first time, a sound, well- 
selected, and trustworthy summary of naval science such 
as was beginning to be most strongly felt in the merchant 
no less than in the royal navy. 

In his first chapter the author explains the buoyancy of 
ships, their subdivision into compartments, and the effect 
of admitting water into compartments variously placed, 
and discusses with clearness and with the latest informa¬ 
tion the vexed question of freeboard. The accuracy and 
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perspicuity with which this chapter is written are remark¬ 
able, and prove the fitness of the author for the work he 
undertook. Diagrams are given wherever they would 
serve to assist the reader in readily apprehending the 
subject. The second chapter is devoted to tonnage 
measurement, and, while mainly derived from an article 
contributed by the author to Naval Science (a periodical 
which is no longer published), it embodies all that naval 
officers need know upon the subject, including the 
measurement of yachts, and the regulations of the Suez 
Canal ; these latter, we regret to say, are in some respects 
carried out at present in violation of the understandings 
which were come to with the British Government, and were 
announced as authoritative by our Ministers in Parliament. 
The third chapter is an admirable statement of the prin¬ 
ciples which regulate the statical stability of ships—a 
subject upon which Mr. White well deserves to be pro¬ 
nounced a high authority, and one who has worthily 
extended this branch of science. 1 This chapter, like 
some later ones, embodies information which the naval 
architect would do well to study, more especially as 
regards the effect upon stability of adding, shifting, and 
removing weights. At p. 63 the author remarks that the 
question of neutral or indifferent equilibrium has little 
practical interest in connection with ships, “for which 
stability and instability are alone important.” However 
true this may have been a short time ago, it is no longer 
so, for the case of the Inflexible has invested the question 
of infinitesimal stability, and of neutral equilibrium, with 
a strong and melancholy interest, and an interest which 
must go on increasing if such ships are repeated. The 
investigations of the Inflexible's state led the writer of these 
lines to observe and consider a peculiar condition of 
stability which may, and doubtless will, arise in citadel 
ships like the Inflexible, with unarmoured ends large in 
proportion to the citadel, and which would add a curious 
case to the numerous curves of stability with which this 
chapter is illustrated. It is the case in which the citadel 
is so formed and proportioned, that the ship, with her 
ends penetrated, would have no stability in her upright 
position, but would acquire a small amount on inclining 
through a greater or less angle, and lose it again on being 
inclined still further. This case would exhibit itself in a 
curve of stability by a mere loop, of greater or less length 
and depth, and at greater or less distance from the origin, 
according to circumstances. A similar result would of 
course arise in any ordinary ship, the statical stability of 
which was nil in the upright position, but become positive 
at an inclination. We mention it here, however, because 
in the case of a citadel ship it reduces to an absurdity, and 
to worse than an absurdity, that reference to “ range ” of 
stability which has been much too frequent in recent 
discussions. I11 a future edition Mr. White would do well 
to extend his remarks upon this branch of the subject, as 
it has become one of great practical, and even of vital 
interest. 

The following chapters, on the Oscillations of Ships in 
Still Water, on Deep-Sea Waves, the Oscillations of 
Ships among Waves, and Methods of Observing the 
Rolling andPitching Motions of Ships, together form a 

* By a valuable paper “ On the Calculations if the Stability of Ships," 
read at the Institution of Naval Architects in 1871, the joint production of 
Mr. White and Mr, W. John, now of Lloyd’s Register Office, and by other 
contributions to the-knowledge ofithis subject. 


most valuable treatise on a branch of naval science which 
is both in form and substance essentially modern, and 
full both of interest and of future promise. Although 
this part of the work has necessarily been composed 
chiefly by compilation, it is the result of much labour, 
and of a dose study of a large number of essays and 
discussions which have appeared from time to time 
during the last eighteen years. In the first paper ever 
read (in i860) at the Institution of Naval Architects, Dr. 
Woolley said—“One of the chief benefits to be looked 
for from the Institution which we are inaugurating to-day 
is a more systematic inquiry into the laws of nature on 
which the motions of a vessel at sea depend than has 
hitherto been attempted.” These were prophetic words, 
for the field of labour to which scientific men were thus 
invited was very soon entered upon by Mr. Froude, who 
has most worthily and successfully laboured in it ever 
since. He has been joined by other labourers who 
have well and steadily advanced the good work, in¬ 
cluding several able French savans (notably M. Bertin, 
of Cherbourg, and M. Duhil de Benaz6), and most 
recently Dr. Woolley himself, who a month since con¬ 
tributed to the same institution a most able analytical 
discussion of the constitution and properties of deep-sea 
waves. No summary of the recent striking developments 
of science respecting the constitution of ^sea waves, and 
the behaviour of ships among them, which can at all com¬ 
pare with that here given by Mr. White can anywhere be 
found. 

The following chapter on the strains experienced by 
ships is an equally clear and comprehensive statement of 
another thoroughly modern branch of study. It is 
primarily based upon a paper published in the Philo¬ 
sophical Transactions by the present writer in 1871, in 
the calculations and construction of which Mr. White 
largely co-operated. The methods of investigation pur¬ 
sued were novel, and of so detailed a nature as to place 
the subject on a solid basis of fact, with the result of either 
setting aside or subverting most of the opinions—for they 
were but opinions—which had previously prevailed. The 
present author gives the substance of those labours, and 
adds to them the results of many others of more recent 
date, supplementing the general investigation with brief 
examinations of minor and local strains. The chapters 
on the structural strength of ships and materials for ship¬ 
building, although of less immediate value to naval officers 
than those that illustrate the behaviour of ships in motion, 
abound with facts which they will find of daily value 
afloat. In places the author is somewhat more historical 
and diffuse, perhaps, than is strictly consistent with the 
object of the work, but all that he records is valuable, and 
the narrative passages will doubtless add to its attractions, 
especially in the eyes of the younger officers. With re¬ 
spect to the important question of the “Resistance of 
Ships 1 ’ (so designated, as usual, although “ Resistance to 
Ships ” would surely be more correct) the author has per¬ 
formed a like service to that rendered in the case of 
the recent discoveries respecting waves and the oscil¬ 
lations of ships. He has sketched and summarised the 
existing knowledge of the subject, and here as elsewhere 
has kept mere abstract considerations and theories well 
under the control of practical requirements. He has done 
justice to the recent labours of Mr. Froude in this sphere 
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of investigation likewise, and has shown how advan¬ 
tageous his experiments with models have been. The 
present Controller and Constructors of the Navy deserve 
great praise for giving their steady support and apprecia¬ 
tion to Mr. Froude in his experimental work. 

The remaining chapters of Mr. White’s book are on 
Propulsion by Sails and by Steam, and on the Steering 
of Ships. While well and clearly written throughout, 
and embodying all the settled science of these questions, 
these chapters appear to us to be less firmly based in 
some respects, and to present more controversial matter 
than the earlier parts of the work. We are unable, for 
example, to approve of the strong preference expressed 
for the compound engine over other types of marine 
engine. Basing his views upon the actual performances 
of three separate types of engine—the ordinary old type 
of jet-condenser engine, the surface-condenser type, and 
the compound type—the author goes on to claim for the 
last-named enormous advantages. In making his com¬ 
parisons and drawing his inferences, however, he seems 
to us to generalise too freely, and to leave out of con¬ 
sideration many facts and circumstances which we are 
bound to consider before pronouncing in favour of the 
compound engine. N or are we by any means alone in 
calling in question the pre-eminent merits of this form of 
engine when regarded in the light of general principles. 
Among others who have expressed similar views we may 
advert to Mr. Neil McDougall, himself an officer of the 
Admiralty (Steam Branch), who in 1875 published an 
essay on “The Relative Merits of Simple and Compound 
Engines as applied to Ships of War,” and who arrived, 
after a long and patient investigation of the Admiralty 
and other records, at these conclusions, viz., “That there 
is no insuperable difficulty in the way of working simple 
engines at the same pressure as that in use at present 
with the compound engine at sea. Equal economy 
might, then, fairly be expected with the simple engine, 
specially fitted, as with the compound, under ordinary 
working conditions and, “ all available evidence goes 
to show that it is impossible that the compound engine 
can be to any serious extent superior to the rival engine, 
at present pressures, in point of economy.” It is worthy 
of note that the first prize, in a professional competition, 
was awarded to this essay, the judges being Prof. Cot- 
terill, M.A., F.R.S.; Chief Inspector W. Eames, R.N., 
the Chief Engineer of H.M. Dockyard, Chatham ; and 
the eminent engineer, J. Penn, F.R.S. 

The rapid perusal which alone we have been able to 
give to this large volume of more than 600 pages has 
disclosed to us but few blemishes, and these, for the 
most part, of the slighter sort, and such as are chiefly 
due to brevity of treatment. We will refer to those only 
which we observe in the first chapter. The remark that 
the equality existing between the total weight of water 
displaced by a ship and her jown weight “ is equally true 
of wholly submerged vessels as of ships of ordinary ftjrni 
having only a portion of their volume immersed,” will 
create difficulty in the minds of some of the readers for 
whom the work is intended. The principle is doubtless 
true of vessels which just float, without any reserve of 
buoyancy above the water’s surface, and which, therefore, 
are wholly submerged ; but its obvious inaccuracy when 
applied to the Vanguard, the Eurydice , the Grosser 


Kurfiirst and other ships which are very unfortunately, 
but nevertheless very certainly, “ wholly submerged ” 
points to the necessity for a modification of the language 
employed. Again, the statement that “the weight of the 
ship in tons multiplied by thirty-five gives the number of 
cubic feet in the volume of displacement ” may puzzle 
some young readers of the work—and there should be 
many young readers of it among the naval cadets and 
others —who may fail to see that the number “ thirty- 
five” is derived from the previous statement that 64 lbs. 
is the weight of a cubic foot of sea-water. It is impos¬ 
sible to make these elementary matters too clear for 
young sailor-officers. Such students will also require 
some assistance in understanding the paragraph in which 
the author explains the pressures acting on the bottom of a 
ship. Following the mathematical method of assuming 
the existence and action at every point of a pressure acting 
“ perpendicularly to the bottom,” and treating this as 
made up of three components, the author justly speaks 
of the vertical components only as affecting buoyancy, 
and no less justly dismisses the horizontal components, 
as they must, on each set, “obviously be exactly balanced 
amongst themselves.” No youngster accustomed to the 
mathematical treatment of forces or pressures will find 
the slightest difficulty in all this ; but we can well imagine 
less favoured sailors, of all ages, pausing at the statement 
that the water pressure can “at every point” be resolved 
into three such components, and searching in vain for 
horizontal pressures, for example, under the flat bottom 
of a ship. It is, we are well aware, impossible to avoid 
difficulties of this kind without great elaboration ; but we 
hold it to be a primary necessity to avoid them to the 
utmost possible extent in a work like this, which 
has been expressly written for those very many per¬ 
sons, outside the naval architect’s profession, who 
are “more or less intimately connected with ship¬ 
ping,” and desire to get some knowledge of the sub¬ 
ject. In one important respect we think the author’s 
explanations of the sub-division of ships into compart¬ 
ments, and of the consequences of admitting water into, 
them, much too brief, viz., that of the division of ships 
by middle-line bulkheads. This is dismissed with the 
remark that the advantages of such bulkheads are too 
obvious to need comment; but however obvious the. 
advantages of the system may be, the effects of admitting 
water to the divisions so obtained should certainly have 
been investigated and set forth. In any case it would 
have constituted both an interesting and an instructive 
branch of the subject other parts of , which the author 
has treated so fully and so well; but the recent improve¬ 
ments in the Alexandra and other twin-screw ships has 
made it also a subject of great importance. The intro¬ 
duction of the middle-line water-tight bulkhead wherever 
it could be applied is one of the most valuable of the 
many valuable improvements introduced by Mr. Barnaby 
and his staff since the first charge of our Admiralty Naval 
Construction became theirs, and officers who are “ ship¬ 
mates ’ ’ of this system (to use a naval phrase) will be 
disappointed to find it so summarily dismissed from the 
author’s and the reader’s notice. The defect is the more 
obvious because of the singular clearness and fulness 
with which the general question of sub-division is ex¬ 
pounded. The task of mentioning the blemishes and 
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defects of so excellent and comprehensive a work as this 
is too distasteful to be pursued through more than a 
single chapter. 

It is impossible to conclude this notice of Mr. White’s 
work, however—which, by the by, is well-indexed and 
turned out of hand by Mr. Murray in his usual style of 
efficiency and excellence—without reflecting upon the 
immense developments which naval architecture has 
undergone during the present century, is still undergoing, 
and has yet obviously to undergo. There is not a chapter 
in this volume of many chapters, which does not abound 
with illustrations and indications of improvement. 

“ Men, my brothers, men the workers, ever reaping something 
new : 

That which they have done but earnest of the things that they 
shall do.” 

Take, for a single example, the material of which the 
naval constructor builds his ships. How recently is it 
that wood was in universal use ; now' far more than 
nine-tenths of the ships built are of iron. But already 
iron is being superseded by steel, and a few -weeks ago 
Mr. Martell, the able Chief Surveyor of Lloyd’s Registry, 
said at the Institution of Naval Architects, “The time 
has now come when it is said by many others besides the 
manufacturers that steel can be used with as much con¬ 
fidence as iron ; and it is held that whilst the properties 
of mild steel are in every respect superior to those of iro^ 
the cost—having regard to the reduced weight required— 
will warrant the shipowner, from a commercial point of 
view, in adopting the lighter material.” The manufacture 
of this “mild steel” for ship-building purposes, and 
indeed for many other purposes, is, as Mr. White 
states, “mainly due to the efforts of Mr. Barnaby, 
Director of Naval Construction, who had previously con¬ 
ducted most of the experiments on steel made in the 
Royal Dockyards, and done much to develop the use of 
the material.” By insisting upon the combination of 
increased strength with great ductility in the material, Mr. 
Barnaby directed the attention of manufacturers to the 
great importance of turning their energies into a new 
direction, and the result has been the production of a 
most excellent material for the purpose, which can now 
be obtained in any quantity from several firms. But even 
these most recent forms of steel seem destined speedily to 
be replaced by the fluid-pressed steel of Sir Joseph Whit¬ 
worth, who, by the application of enormous force to the 
metal in a molten state, can solidify and make sound 
castings which contain whatever proportion of carbon 
may be desired. By pursuing this process through a 
thousand details, and many years of costly experiment, 
this distinguished man has given us a material which is 
as superior to the best mild steel produced otherwise as 
that is itself superior to the ordinary forms of ship¬ 
building iron, and the process promises to carry us to 
results of far greater importance still. It is perhaps one 
of the few reflections which should reconcile us to the 
persistence of mankind in the pursuit of the arts of war that 
the eagerdesire to improve guns and war-ships is continually 
conducting us to collateral and large improvements in the 
materials employed for the purposes of civilised life—for 
commercial ships profit no less than war-ships and guns by 
the improvements of men like Sir Joseph Whitworth, who 
has himself contributed immensely to the manufacturing 


arts, both directly and indirectly. The fields in which 
Mr. Froude is labouring are not less prolific than this, 
while the forms of vessels, and the propelling powers ap¬ 
plied to them, are receiving continual improvement. In 
respect of naval architecture, at least, Tennyson is right; 
and that which we have done is but an “earnest” of the 
things sooner or later to be done. E. J. Reed 

TROPICAL NATURE 

Tropical Nature and other Essays. By Alfred R. 

Wallace. (London : Macmillan and Co., 1878.) 

R. WALLACE tells us that the luxuriance and 
beauty of tropical nature is a well-worn theme 
and that there is little new to say about it, and yet 
he thinks that none have as yet attempted to give a 
general view of the phenomena which are essentially 
tropical or to determine the causes and conditions of 
those phenomena. Indeed many very erroneous ideas 
are commonly entertained about the charms of the tropics 
and about the brilliant tints of its flowers, and birds, and 
insects. 

In the first three chapters of this most interesting 
volume Mr. Wallace treats of the climate of the tropics, 
of its vegetation, and of its animal life. A fourth treats 
of the humming-birds as illustrating the luxuriance of 
tropical nature. The next two enter on the discussion of 
the nature and origin of the bright colours of animals 
and plants, showing how far and in what way these are 
dependent on the climate and physical conditions of the 
tropics. A seventh chapter contains an account of 
certain curious relations of colour to locality, which are 
almost exclusively manifested within the tropical zones, 
while the next and last chapter tries to explain the pro¬ 
bable origin of many of the forms of life now charac¬ 
teristic of tropical regions. 

Despite its being a well-worn theme and its want of 
novelty, Mr. W’allace has succeeded in writing a most 
interesting volume on the peculiarities of tropical life, 
and this chiefly from the results of his own long expe¬ 
rience of nature in the eastern and western tropics of 
the equatorial zone, while his theory to account for the 
diverse colours, the special adornments, and the brilliant 
hues which distinguish certain male birds and insects— 
a theory quite opposed to that of Mr. Darwin’s—cannot 
fail to attract the attention of all interested in this 
subject. 

Mr. Wallace’s account of his theory is perhaps the 
most important portion of his book ; he finds, on close 
examination, that neither the general influence of solar 
light and heat, nor the special action of variously-tinted 
rays, are at all adequate causes for the many wondrous 
complexities of colours with which we are acquainted. 
He would therefore take another view, dividing the 
colours into groups, as they are protective to the creature, 
act as warning colours, or sexual colours, or typical 
colours, or simply as in floras, attractive colours. 

Mr. Darwin’s theory on this subject of colours was that 
all, or almost all, the colours of the higher forms of 
animal life were due to voluntary or conscious sexual 
selection, and that diversity of colour in the sexes is due 
at least, first of all, to the transmission of colour varia¬ 
tions cither to one sex only or to both sexes, the difference 
depending on some unknown law and not being due to 
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